ABSTRACT: Three new and seven known calopins were isolated from Caloboletus radicans. The structures of the new cyclocalopins, 8-deacetylcyclocalopin B (1), cyclocalopin A-15-ol (2), and 12,15-dimethoxycyclocalopin A (3), were mainly elucidated by NMR and MS data analysis. The stereochemistry of 1-3 was assigned based on ROE correlations, coupling constants and by comparison of their CD spectra with those of similar known calopins. While 1-10 were inactive against two cancer cell lines, they displayed antistaphylococcal activity against methicillin-resistant Staphylococcus aureus strains (MRSA) with MIC values of 16−256 μg/mL. Moreover, some calopins were active against the fish pathogen Enterococcus faecalis F1B1.
PABS
17 radicals has been reported.
In this manuscript, we describe the isolation and structure elucidation of new (1-3) and previously reported calopins (4-10) from fruiting bodies of C. radicans which turned out to exhibit anti-staphylococcal activity and activity against fish-pathogenic bacteria.
Fractionation of the MeOHH2O extract from freeze-dried defatted fruiting bodies of C.
radicans by first partitioning with n-hexane and EtOAc, followed by repeated reversed-phase HPLC of the EtOAc soluble material with a subsequent MeCNH2O gradient and MeOHH2O isocratic eluents yielded three new cyclocalopin derivatives 1-3 and seven previously known calopins 4-10.
The known calopins were identified as cyclopinol (4) , cyclocalopin B (5), cyclocalopin A (6), 15-methoxycyclocalopin A (7), cyclocalopin E (8), calopin (9) and O-acetylcalopin (10) by comparison of their 1 H NMR, 13 C NMR, ESIMS and CD data to those reported previously. [10] [11] [12] The molecular formula C17H24O7 of 1 was deduced by high-resolution ESIMS of the pseudomolecular ion. Seventeen carbon resonances were observed in the 13 C NMR spectrum which were assigned with the help of the HSQC spectrum to one ester carbonyl group at δC 173.9 ppm, one acetyl carbon at δC 176.0 ppm, two sp 2 revealed that 1 is structurally closely related to 5. 10 The new calopin (1) differs from compound 5 by the absence of one of the two acetyl groups of 5. The acetyl group of 1 was shown to be attached to C-7 by an HMBC correlation of H-7 at δH 5.07 ppm to the acetyl carbon at δC 173.9 ppm (Figure 1 ). The coupling constants in the 1 H NMR and the CD data of 5 10 are similar to those of 1. Furthermore, the NOE correlations ( Figure 1 ) of H-3 with H-8, of H-7 with H-13, and of H-11 with H-14 in the NOESY spectrum of 1 indicate that 8-deacetylcyclocalopin B (1) has the same configuration as cyclocalopin B (5).
The molecular formula of 2 was determined to be C15H20O7 by high-resolution ESIMS of the pseudomolecular ion. The 1 H and 13 C NMR data (Table 1) in combination with the molecular formula indicated that 2 is structurally closely related to cyclocalopin A (6).
10
Instead of the methyl group present in 6, 2 bears a CH2OH group at C-9. The position of the CH2OH group at C-9 was deduced from the HMBC correlations of H-10 at δH 6.96 ppm with the methylene carbon C-15 at δC 60.2 ppm, and of H-15 at δH 4.30 ppm with the carbonyl carbon C-8 at δC 199.3 ppm (Figure 1 ). Due to the observed NOE correlations (Table 1) , nearly identical coupling constants, and CD spectra cyclocalopin A-15-ol (2) possesses the same configuration as 6.
The molecular formula C17H24O7 of 3 was derived from the pseudomolecular ion in the 21 and the epidemic methicillin-resistant strain EMRSA-15 was evaluated. 19 Calopins 110 displayed activity against SA-1199B but turned out to be inactive against the strain RN4220 (Table 2) .
Moreover, 1 was found to be more active than the positive control norfloxacin. [19] [20] [21] [22] against ATCC 25923 and SA-1199B with MICs of 16 µg/mL. In general, compound 3 was found less active than the calopins 1 and 2. The reason might be the lack of a free hydroxy group at C-12.
Compounds 3, 5, 6, 9 and 10 were also tested against the phytopathogens Phytophthora capsici, a pathogen of several plants including peppers, 23 Colletotrichum gloeosporioides strain CG12, a phytopathogen of strawberry, 24 Magnaporthe oryzae Triticum pathotype strain JP4, 25 a wheat blast fungus, and against the two fish pathogenic Enterococcus faecalis strains 26 FF11 and F1B1. The tested compounds displayed varying levels of inhibitory effects against the strain F1B1 at 40 µg/disk but were inactive against C. gloeosporioides, M. oryzae Triticum pathotype and E. faecalis strain FF11 up to 1000 µg/ml. The inhibition zones around the disks were recorded to be 5.5 ± 0.9 for compound 3, 5.5 ± 1.0 for 5, 7.1 ± 1.5 for 6, 5.6 ± 1.3 for 9, and 9.5 ± 1.2 mm for compound 10. Since the fish pathogenic E. faecalis strain Test for Anti-Staphylococcal Activity. The anti-MRSA activity of the compounds 1−10 was investigated with the standard MRSA strains ATCC 25923, XU212, SA-1199B, RN4220, and EMRSA-15 by a broth dilution assay. 27 All five MRSA strains were incubated separately for 28 To test the inhibitory activity of the compounds 3, 5, 6, 9 and 10, the oomycete Phytophthora capsici and the fungi Colletotrichum gloeosporioides and Magnaporthe oryzae triticum Pathotype were cultured on 10% V8 agar medium at 25 °C in the dark. 29 A 4 mm diameter mycelia agar block was placed at the center of the PDA plate (9 cm). The compounds were dissolved in acetone and a stock solution of 1000 µg/mL was prepared. A 40 µL sample of each stock solution was carefully applied onto a paper disk (8 mm) and allowed to dry. After evaporation of the solvent, the disk was placed 4 mm apart from the mycelia block of the pathogen and incubated at 25 °C in the dark for 5 days. Then, the zone of inhibition was measured (mm) for each sample against control strains. Each treatment was replicated three times.
Activity against Oomycetes and Fungi by a Disk Diffusion Method.
Inhibitory Activity against Fish Pathogens by a Disk Diffusion Method. 28 To test the antibacterial activity of compounds 3, 5, 6, 9 and 10 against Enterococcus faecalis strains FF11 and F1B1, bacterial suspensions (1 × 10 5 CFU/mL) were spread on the agar plate. A 40 µL sample of each compound (concentration 1000 µg/mL) in acetone was carefully applied onto a paper disk (8 mm) and allowed to dry the solvent and then placed onto the MH agar plate. The inhibitory activity of the compound is displayed as bacteria free halo zone after 2 days of incubation at 37 °C. The diameter of the halo zone was measured and the result was expressed as mean value ± standard error of three replications of each dose of each compound. Antibiotic azithromycin was used as positive control. confluence in a microtiter plate, the medium was replaced with DMEM 5% FBS and incubated further 48 h. Then, the medium was discarded, and cells were fixed by adding 50 μL of 10% trichloroacetic acid (TCA, Sigma-Aldrich Chemical, St. Louis, MO, USA). The cells were then incubated at 4 °C for 30 min; TCA was drained off, and the plates were left to dry. Then, 50 μL of SRB stain (10 mg of 1% acetic acid, Sigma) were added to each well for 30 min. Finally, the plates were washed four times with 1% acetic acid (100 μL). The OD was measured at 540 nm using an ELISA reader (Bio-Rad). Paclitaxel was used as a positive control, whereas cells incubated only with 0.05% of DMSO were used as a negative control.
Cytotoxicity Test (SRB Assay
All experiments were performed in triplicate. Figure 1 . COSY, key HMBC, and key NOE correlations for 13. 
